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ABSTRACT

Tourist numbers in northern Fennoscandia outweigh those in other northern boreal - arctic regions,
which creates a specific need to evaluate the impacts of tourism. This review 1) identifies patterns and
trends in the vegetation and wildlife of northern Fennoscandian terrestrial ecosystems as a consequence
of tourism and recreation, 2) discusses the implications of findings in terms of the intensity, area and
magnitude of impacts, changing climate and management needs under increasing tourist pressure, and
3) identifies research gaps. The reviewed studies show negative environmental and biodiversity impacts
that are most pronounced near tourist resorts. The most sensitive plants, birds and mammals decline or
disappear from the disturbed sites, and the species composition shifts from ‘wild’ species to cultural and
human associated species. There is little research on the spread of alien species, but the few examples
show that alien species can be promoted by tourism activities. Impacts of the use of motorized vehicles
have not been widely studied either, despite the extensive track network which can cause disturbance to
wildlife. The integrated impacts of tourism and climate change on the vegetation and wildlife was not

Tourist resort addressed directly in any of the reviewed studies. In addition, little research has been done on carrying
out restoration at tourist areas. Scientific research on these topics is needed to prevent, minimize or
restore the most negative ecological impacts of tourism and recreation.

© 2015 Elsevier Ltd. All rights reserved.
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to wilderness ecosystems and a frequent threat to threatened
species (Cole and Landres, 1996; Ballantyne and Pickering, 2013;
Rankin et al., 2015). The negative biophysical impacts of tourism
and recreation have been known about for almost a century
(Pickering et al., 2010). Tourism and recreation are known to affect
vegetation, soil and wildlife directly or indirectly (Liddle, 1997;
Hammit and Cole, 1998; Buckley, 2004). Tourism can also lead to
new biological invasions (Williams et al., 2010), which represent
the second most significant cause of species extinction worldwide,
the first being habitat destruction (IUCN, 2011). Cold ecosystems
such as arctic and alpine areas are especially sensitive to distur-
bance caused by tourism and recreation, since the vegetation
regeneration rate is slow (Forbes et al., 2001; Willard et al., 2007).
Climate warming is predicted to be more pronounced in arctic re-
gions than on average across the globe (IPCC, 2013). The increasing
tourism pressure together with climate warming may enhance the
biodiversity changes in arctic ecosystems through, for example, the
increase of alien species, changed species interactions and
increased regeneration rates of disturbance tolerant species.

The importance of nature as a tourist attraction has increased
visitor numbers in protected areas globally (Eagles, 2007; Balmford
etal., 2009; Siikamaki et al., 2015). Safeguarding of valuable species
and habitats is generally the principal purpose of nature protection,
but the heavy increase in tourist numbers poses a risk that the
biodiversity values on which the protection relies will be degraded.
According to statistics from recent decades, tourist numbers in
northern Fennoscandia surpass those in arctic Canada and the US,
despite its considerably smaller area (e.g. Mason, 1998; Hall and
Saarinen, 2010). For example, in Finnish national parks, visitor
numbers increased on average 6.5-fold between 1990 and 2008
(Kangas, 2009). The development of tourism and recreation has
been largely shaped by two factors in northern Fennoscandia: the
right of public access which allows e.g. hiking, skiing, horse riding
and short-term camping (e.g. Forbes et al., 2004; Tolvanen et al.,
2005) and the good accessibility and well-developed road
network (Lundgren, 1995). The high tourist pressure in the sensi-
tive environment creates a specific need to evaluate the impacts of
tourism in order to manage tourism at a sustainable level.

In this review we 1) identify patterns and trends in the biodi-
versity of northern Fennoscandian ecosystems as a consequence of
tourism and recreation, 2) discuss the findings in terms of the in-
tensity, impact area and magnitude of impacts, changing climate
and management needs under increasing tourist pressure, and 3)
identify research gaps. The focus is on terrestrial ecosystems, and
the biodiversity impacts are discussed in terms of the plant and
wildlife communities and alien species.

2. Methods

We searched for ecological impact studies presenting original
data using Google Scholar. The main keywords were ‘tourism’ or
‘recreation’, and later also ‘camping’, ‘disturbance’, ‘path’, ‘ski’,
‘track’ and ‘trail’, which we used in combination with the terms
‘alien species’, ‘animal’, ‘avian’ ‘biodiversity’, ‘bird’, ‘mammal’,
‘plant’, ‘soil’, ‘trampling’ and ‘wildlife’. We selected the northern
Fennoscandian region using the countries ‘Finland’, ‘Norway’,
‘Svalbard’ (Norwegian territory) or ‘Sweden’, and from these we
chose the studies carried out in northern boreal, subalpine, alpine,
subarctic or arctic regions. Reference lists of new articles were also
searched. In cases where scientific literature was not available in
English, gray literature was also searched. Studies of the physical
development of trails and the regeneration of vegetation during
scientific expeditions (Pounder, 1985; Gellatly et al., 1986a;
Wielgolaski, 1998) and an as yet unpublished long-term study on
military camping (Ylisirnio and Allén unpublished data) were

included in the review, although they do not investigate tourism
and recreation impacts per se. The information from these studies is
however directly applicable to tourism and recreation.

We found 40 studies, of which 18 were on vegetation and soils
(for example the development of trails after trampling), 7 on birds,
1 on birds and mammals, and 14 on mammals. We list the studies,
study aims, main findings and study locations in Table 1. Alien
species lists (Liska and Soldan, 2004; Elven, 2015) and an overview
of alien species without original data (Coulson, 2012) were not
listed in Table 1. The term ‘tourist resort’ was used for ski resorts,
tourist resorts and holiday cabin concentrations.

We arranged the six studied tourism and recreation types, i.e.
hiking, skiing, horse riding, camping, snowmobiling and tourist
resorts, according to their intensity of impact (i.e. amount of impact
per unit area), as estimated from the reviewed studies. The
assessment was based principally on the direct and indirect
disturbance on vegetation and soils, as these are well documented.
The intensity of impact on wildlife is more difficult to observe and
measure, because they are not stationary and because of difficulties
separating the impacts of recreation from the impacts of con-
founding variables (Hammit and Cole, 1998).

We aimed to calculate the magnitude of the six recreation types
by multiplying the intensity of impact by their impact area. Since
there are no consistent data on the impact areas by recreation types
throughout northern Fennoscandia, we estimated the area only for
northern Finland, where there is abundant information in public
databases and scientific and gray literature. The magnitudes are
therefore not directly applicable outside Finland. The total lengths
of hiking and skiing tracks were obtained from Excursionmap.fi
(2015), the total number of campsites and the length of snowmo-
bile tracks from Wilderness licences and experiences (2015), and
the number of tourist resorts from Kaisanlahti-Jokimaki et al.
(2008). To calculate the impact areas, total hiking trail and skiing
track lengths were multiplied with their mean widths, obtained
from Torn et al. (2009), and total snowmobile track lengths with
their mean widths obtained from Vuorela (2014). The number of
campsites was multiplied by the mean campsite area, obtained
from Kangas et al. (2007) and Tukiainen (2010), and the number of
tourist resorts by the mean tourist resort area obtained from
Kaisanlahti-Jokimaki et al. (2008). Finally, we calculated the rela-
tive magnitudes using rank order scales from 1 to 6 for both the
intensity and the impact area of the six recreation types. There was
no public information on the length of horse trails, as the trail
network is underdeveloped in Finland (The Equestrian Federation
of Finland (2015)). Hence we assumed that the impact area of
horse trails is lower than that of the other recreation types and gave
them the lowest rank of 1.

3. Patterns and trends in northern environments as a
consequence of tourism and recreation

3.1. Vegetation and soils

The direct impacts of recreational trampling are well docu-
mented in northern Fennoscandia (Table 1). The most dramatic
vegetation changes occur at low trampling intensities
(Emanuelsson, 1984; Gellatly et al., 1986b; Tolvanen et al., 2001).
After a certain threshold has been passed, the loss of vegetation is
total, but the threshold varies between habitats (Emanuelsson,
1984; Pounder, 1985; Gellatly et al., 1986b; Tolvanen et al., 2001).
After short-term trampling, the vegetation recovery can be rapid, if
the trampling pressure is removed (Torn et al., 2006), whereas
long-term trampling changes the physical and hydrological prop-
erties of the soil (Gellatly et al., 1986a; Torn et al., 2009). Severely
degraded habitats can need a substantial length of time to recover.
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Table 1
Summary of the reviewed studies.
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Study targets and aims

Core findings Location

Reference

Vegetation and soil

Population and lower level impacts
Short-term experimental trampling
Community and lower level impacts
Hiking and experimental trampling

15 year vegetation recovery after
experimental trampling

Experimental trampling, long-term
effects of trails

Short-term experimental trampling

Campsite disturbance

Campsite disturbance effects
Campsite disturbance effects

Short-term experimental trampling

Ecosystem and lower level impacts
Short-term trampling effects
Ski run treatment effects

Footpath development
Soil nutrient status

Hiking, skiing and horse riding
effects

Horse riding and experimental horse
riding effects

Quantification of propagule
transport via travelers' footwear

22 years of recovery after intensive
ecological study

Recovery of military camps 64 years
after use

50% decrease in the density of dwarf shrubs after 75—200 passes. Subarctic Finland

Loss of species richness and biomass. Dry grassland more tolerant than moist Boreal Norway
grassland and lichen-dominated heathland.

Lower species richness and vegetation cover compared to untrampled vegetation. Boreal Norway
50% decrease in vegetation cover after 30, 60 and 70 passes in fens, heaths and
mires, respectively.

30% decrease in plant cover after 200 passes.

Disturbance zones, graminoids most tolerant to trampling.

Subalpine Sweden

Subalpine Norway
Boreal and subarctic
Finland

Graminoids tolerant to trampling, dwarf shrubs and lichens least tolerant. Subarctic Sweden
Disturbance zones. Shrubs, mosses and lichens disappear from the most disturbed Boreal and subarctic
sites. Finland

Immediate decrease of vascular plants, delayed decrease of bryophytes. Rapid Subarctic Finland
recovery after cessation of trampling.

Increase in soil compaction and bulk density. Arctic Norway
Although the germination of alien species is favored by ski run management, they Boreal Finland
cannot establish in neighboring forest.

Critical threshold for plant survival 4500 -17 000 tramplings. Arctic Norway
Most of the ski-run area covered with degraded bare soil with insuffcient amount of Subarctic Finland
nutrients and OM.

Horse riding has greatest impact on vegetation through damage and introduction of Boreal and subarctic
alien species. Hiking more detrimental than skiing. Relatively dry forest most Finland

tolerant to trampling.

Horse promotes the establishment of alien species. Boreal Finland

On average 3.9 seeds per traveler transported, Poaceae having the highest diversity High arctic Svalbard
and seed number.

Trails at nutrient rich sites recover most rapidly. Only bryophytes recovered fully. Alpine Norway

The initial recovery of graminoids has stopped.

Still thinner humus layer at disturbed sites, permanent shift from heath vegetation Subarctic Finland
towards graminoid dominated vegetation.

Tolvanen et al. (2001)
Arnesen (1999a)
Arnesen (1999b)
Emanuelsson (1984)

Gellatly et al. (1986b)
Hoogesteger (1976)

Hoogesteger (1984)
Kangas et al. (2007)

Torn et al. (2006)
Gellatly et al. (1986a)
Kangas et al. (2009)
Pounder (1985)
Ruth-Balaganskaya and
Myllynen-Malinen
(2000)

Torn et al. (2009)

Torn et al. (2010)
Ware et al. (2012)

Wielgolaski (1998)

Ylisirni6 and Allén
(2015, unpubl.)

Wildlife

Individual level impacts
Reaction to humans

Reaction to snow mobiles

Reaction to direct provocation by
snow mobiles

Population and lower level impacts
Impact of holiday cabins

Impact of tourist resorts
Impact of human disturbance and
recreational activities

Impact of holiday cabin construction

Habitat use in relation to tourist
resorts and towns

Mean escape distance of Pink-footed geese (Anser brachyrhynchus) 1717 m, brent Svalbard
geese (Branta leucopsis) 620 m and barnacle geese (B. bernicla hrota) 330 m.

Mean alert distance of Polar bear (Ursus maritimus) 1164 m, response distance Svalbard
843 m. Females with cubs respond at longer distances.
Minimum reaction distance of Svalbard reindeer (Rangifer tarandus platyrhynchus) Svalbard

640 m, disturbance distance 410 m. Increase in daily energy expenditure and
decrease the grazing time.

South-central
Norway
Northern Finland

Lowered breeding success of Willow ptarmigan (Lagopus lagopus) up to 1.5 km from
holiday cabins through the nest predation by corvids.

Inceased densities of mountain hare (Lepus timidus) and mustelids near tourist
resorts.

Tendency for less bear (Ursus arctos) observations near holiday cabins. South-central
Norway
South-central
Norway
South-central
Sweden south-
eastern Norway

The number of bear observations decreased during 30-year period.

Bears avoid tourist resorts. Females and older individuals most sensitive to
disturbance, locating mostly beyond 10 km distance.

Semi-domesticated reindeer (Rangifer tarandus tarandus)

Distribution around tourist resorts
Distribution around tourist resorts

Habitat selection under insect
harassment and human
disturbance

Habitat selection of reindeer during
summer season

Avoidance behavior of calving
reindeer near tourist resorts.

Decreased densities near tourist resorts in birch and pine forests, but not on alpine Northern Finland
hill-tops. In summer, females more sensitive to disturbance than males.
Decreased densities near tourist resorts. Increased tolerance: reindeer density
increased in 14 years despite the doubling of visitor numbers.

Tendency for higher reindeer densities near trails. Avoidance of insects overrides

impacts of human disturbance.

Northern Finland

Western Sweden

Hiking trails have no impact on habitat selection. Avoidance of areas with houses Western and

and holiday cabins during early summer. northern Sweden
Decreased densities near tourist resorts. Females with calves more sensitive to Northern Norway
disturbance than males.

Wild reindeer (Rangifer tarandus tarandus)

Avoidance behavior at high-altitude
tourist resorts during winter

Maternal reindeer avoided a 10 km zone around the resort, bulls and yearlings a 5 South-central
—10 km zone. Overgrazing further from the resort. Norway

Madsen et al. (2009)
Andersen and Aars

(2008)
Tyler (1991)

Steen et al. (2010)
Ukkola et al. (2007)
Elgmork (1978)
Elgmork (1983)

Nellemann et al. (2007)

Helle and Sarkela
(1993)
Helle et al. 2012

Skarin et al. 2004

Skarin et al. 2008

Vistnes and Nellemann
(2001)

Nellemann et al. (2000)
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Table 1 (continued )

Study targets and aims Core findings

Location Reference

Distribution around power lines,

roads and resorts during winter  disturbance than males.

Effects of tourist resorts and removal Decreased densities at tourist resorts. No observed habituation during the 20-year South-central
period. Restoration of the access to historic habitat brought reindeer back to the

of tourism facilities on the
reindeer area.
Distribution around tourist resorts
2.5 km.
Community and lower level impacts
Recreational gradient from tourist
resorts to forests
Species composition in towns,
tourist resorts and forests

nesters, and edge species in tourist resorts.

Nest predation risk and abundance Artificial ground-nest predation and the abundance of corvids increase with

from towns via tourist resorts to increasing urbanization.
forests

Golden Eagle (Aquila chrysaetos)
around tourist resorts

Species richness, composition and
bird occurrence around hiking
trails

nesting 10.3 km.

Decreased densities near tourist resorts. Females and calves more sensitive to

Tendency to avoid tourist resorts and major roads up to 5 km and hiking trails up to Southern Norway

Higher abundances of human-associated birds, corvid species, cavity and building Northern Finland

Abundance of human-associated bird species higher in tourist resorts than forests. Northern Finland

Nearest occupied nest on average 9.9 km fron ski resort and nearest successful

Open-cup nesters nesting on the ground more sensitive than open-cup nesters on Northern Finland
trees and shrubs. No impact on species richness or cavity nesting birds.

South-central
Norway

Nellemann et al. (2001)

Nellemann et al. (2010)
Norway

Vistnes et al. (2008)

Huhta and Sulkava
(2014)

Jokimaki et al. (2007)
Northern Finland Kaisanlahti-Jokimaki
et al. (2008)
Northern Finland Kaisanlahti-Jokimaki
etal. (2012)

Kangas et al. (2010)

A 22-year study in alpine Norway shows that despite the recovery
of bryophytes after the end of trampling and scientific harvesting,
the cover of vascular plants had still not reached the level of un-
disturbed vegetation (Wielgolaski, 1998). Monitoring of the re-
covery of military camps in subarctic Finland 64 years after their
abandonment shows no ecological recovery in the humus layer or
in the original vegetation. Instead, there is a permanent shift to
trampling tolerant plant communities dominated by graminoids
(Ylisirnio and Allén unpublished data), which is the first time in
northern Fennoscandia that a permanent vegetation shift has been
recorded as a consequence of trampling.

The vegetation type reflects the tolerance toward disturbances.
The habitats most sensitive to trampling are the wettest habitats
such as fens (Emanuelsson, 1984; Arnesen, 1999b) and the driest
habitats such as dry heaths (Wielgolaski, 1998; Arnesen, 1999a;
Tolvanen et al., 2001) and dry heath forests (Torn et al., 2009). In
fens, trampling may expose the peat (Arnesen, 1999b), and in dry
habitats the mineral soil is exposed quickly due to the trampling of
the thin organic layer (Torn et al., 2009). In the dry open subalpine
environment, the easy access to off-trail recreation also leads to the
rapid expansion of the degradation (Kangas et al., 2007; Torn et al.,
2009). Natural environments fairly tolerant to trampling include
relatively dry grasslands, due to the dominance of trampling
tolerant graminoids (Arnesen, 1999a), relatively dry boreal forests,
due to the dominance of Vaccinium dwarf shrubs (Torn et al., 2009),
and subalpine meadows, due to the rapid regeneration of the
vegetation in the nutrient-rich environment (Emanuelsson, 1984;
Wielgolaski, 1998; Tolvanen et al., 2001). Secondary habitats
dominated by fast-growing graminoids are more tolerant to
trampling than are natural habitats, as they are outcomes of earlier
disturbances (Kangas et al., 2007).

The impact of tourism and recreation on the vegetation depends
on the recreation type. Hiking, cross country skiing, camping and
horse riding are popular recreation activities in the protected areas
and mountain environments of northern Fennoscandia (Heberlein
et al., 2002; Wall Reinius and Fredman, 2007; Zachrisson, 2008;
Haukeland, 2011a). A comparison of the impacts of hiking, cross
country skiing and horse riding in the Pallas-Yllastunturi and
Oulanka national parks in Finland shows that horses caused a
similar trampling impact to that of hiking, even though the number
of annual hikers was 150 times that of horse riders (Torn et al.,
2009). Cross country skiing had the weakest trampling effect, due

to the protection of the soil by the snow cover. Nevertheless, the
secondary impacts of skiing were greater than those of hiking, due
to the clear cutting of skiing tracks in the forests, which favored the
succession of plant species typical of open habitats, and due to the
compaction of the snow, which delayed the snowmelt (Torn et al.,
2009). Camping studies carried out in Finland and Sweden reveal
that camping creates vegetation zones of varying degradation
levels, whereby the most degraded zone lacks vegetation almost
completely and the intermediate zones are dominated by grami-
noids (Hoogesteger, 1976, 1984; Kangas et al., 2007).

There are only two studies on the soil and vegetation impacts of
ski run construction in northern Fennoscandia, from Yllas and Ruka
in Finland (Ruth-Balaganskaya and Myllynen-Malinen, 2000;
Kangas et al., 2009, respectively), which are among the largest
tourist resorts in the region. Machine grading was observed to
remove the ground vegetation and the top layer of the soil and
affect the structure, nutrient levels and hydrological function of the
soil (Ruth-Balaganskaya and Myllynen-Malinen, 2000). The vege-
tation sown on the ski slopes required fertilization, which is
assumed to increase the nutrient runoff from the slopes (Kangas
et al,, 2009). A survey of the water quality of the lakes near to
tourist resorts showed that the quality was quite similar to that of
lakes under the impact of agriculture and forestry (Kangas et al.,
2012, not a biodiversity study and therefore not shown in Table 1).

3.2. Alien plant species

Three studies focus on the spread of alien plant seed (Kangas
et al.,, 2007; Torn et al., 2009; Ware et al., 2012) and two studies
provide information on the establishment of alien plants in boreal
forests (Kangas et al., 2007; Torn et al., 2009). The experimental
addition of horse manure introduced seeds of graminoids and forbs
which were absent elsewhere in the dwarf-shrub dominated for-
ests of Oulanka National Park (Torn et al., 2010). Soil disturbance
enhances seed germination, and over 20 weed species were found
along recreational horse resting areas and horse trails (Torn et al.,
2009). Feeding of horses with hay that included the seeds of
grasses and forbs was assumed to be a significant reason for the
spread of alien species. At tourist resorts, the seeds of alien species
are intentionally spread on ski slopes for the purposes of revege-
tation. They may germinate in neighboring forests, provided that
soil disturbance or fertilization continues (Kangas et al., 2009). The



62 A. Tolvanen, K. Kangas / Journal of Environmental Management 169 (2016) 58—66

campsite survey conducted in the Pallas-Yllastunturi national park
showed that alien plant species grow mostly in the disturbed areas
of the campsites (Kangas et al., 2007). However, alien species were
not observed to have established themselves in undisturbed boreal
forests in any of these studies. In the high arctic Svalbard, on
average 3.9 seeds per visitor belonging to 53 species, were observed
to be imported on the footwear of travelers (Ware et al., 2012).
Eight of the families, such as Poaceae, are among the most invasive
worldwide. According to the overview by Coulson (2012, and ref-
erences therein, not in Table 1), approximately 60 species of alien
vascular plants have been recorded in the settlements of Svalbard.
Of the recorded species, 28—37 are believed to be firmly established
but do not seem to be spreading far beyond the point of
establishment.

3.3. Wildlife

Tourism and recreation impact studies on wildlife in Fenno-
scandia are focused on birds and a few large mammal species
(Table 1). Two studies indicate that current visitor levels have not
caused substantial changes in bird communities in protected areas
of northern Finland (Kangas et al., 2010; Huhta and Sulkava, 2014).
Although open-cup nesters nesting on the ground showed a
negative response to the number of visits at hiking trails, the spe-
cies richness remained unaffected, as sensitive species were
apparently replaced by generalist species (Kangas et al., 2010).
Similarly, another study in northern Finland reveals that the pro-
portion of ground nesters is higher in forests than in tourist des-
tinations, while cavity-nesting species show the opposite trend
(Kaisanlahti-Jokimaki et al.,, 2012). Ground-nesting species are
affected by the direct disturbance caused by visitors (Madsen et al.,
2009), increased nest predation (Madsen et al., 2009; Steen et al.,
2010; Kaisanlahti-Jokimaki et al., 2012), and the decreased cover
of the nesting and foraging substrate due to the construction of the
tourism infrastructure, whereas tourism infrastructures provide
shelter and nesting sites for cavity-nesting birds (Kaisanlahti-
Jokimaki et al., 2012; Huhta and Sulkava, 2014).

Three studies investigate the immediate reaction of wildlife to
disturbance (Tyler, 1991; Andersen and Aars, 2008 Madsen et al.,
2009). In Svalbard, the behavioral responses of three goose spe-
cies to disturbance caused by human on foot were estimated using
alert distances, escape length distances and the duration of escape
flights (Madsen et al., 2009). The pink footed goose (Anser bra-
chyrhynchus) was observed to be more vulnerable to human
disturbance than the other species and it responded from longer
ranges and took flight at longer distances, which caused increased
nest loss by avian predators (Madsen et al., 2009). The flight
behavior can also increase the daily energy expenditure and
decrease the feeding time, as indicated by a study on flight re-
sponses caused by snowmobile disturbance on Svalbard reindeer
(Tyler, 1991). In addition to the variation of sensitivity to distur-
bance between species (Madsen et al., 2009), age and sex can affect
the tolerance of individuals (e.g. Andersen and Aars, 2008). For
example, female polar bears (Ursus maritimus) with cubs and single
medium-sized bears showed stronger responses from greater dis-
tance to snowmobiles than did adult males and lone adult females
(Andersen and Aars, 2008). In addition, female wild reindeer
(Rangifer tarandus tarandus) (Nellemann et al., 2000, 2001) as well
as semi-domesticated reindeer (R. tarandus tarandus) (Helle and
Sarkeld, 1993; Vistnes and Nellemann, 2001; Helle et al., 2012)
are more sensitive to disturbance than males.

Raptors are also known to avoid nesting in areas with human
disturbance. Kaisanlahti-Jokimaki et al. (2008) found that there
were fewer golden eagle (Aquila chrysaetos) territories near tourist
resorts than in undisturbed areas in northern Finland. Avoidance of

tourist resorts has also been observed among large mammals with
wide home ranges. Tourist resorts and holiday cabin construction
was observed to decrease the occurrence of brown bear (Ursus
arctos) in Norway (Elgmork, 1978, 1983; Nellemann et al., 2007).
Semi-domesticated reindeer (R. tarandus tarandus) (Helle and
Sarkela, 1993; Skarin et al., 2008; Helle et al., 2012; Vistnes and
Nellemann, 2001) and wild reindeer (R tarandus tarandus)
(Nellemann et al., 2000, 2001, 2010; Vistnes et al., 2008) were also
found to avoid tourist resorts. However, disturbance caused by
hiking trails has not been found to affect the habitat selection of
semi-domesticated reindeer in Sweden (Skarin et al., 2004, 2008).
The avoidance of insect harassment and warm weather may over-
ride the impacts of disturbance by hikers, and there is a possibility
that the reindeer have become habituated to humans (Skarin et al.,
2004, 2008). Helle et al. (2012) observed an increased tolerance of
ski resorts by semi-domesticated reindeer during a 14-year obser-
vation period, probably due to the improved channeling of outdoor
activities, changes in reindeer herd-management and frequent
contacts with humans. In contrast to the semi-domesticated rein-
deer, wild reindeer were not observed to show habituation to
tourist resorts in a 20-year study in Norway (Nellemann et al,,
2010). Nevertheless, restoring the access to their historic habitat
by removing ski trails and tourist cabins drew the reindeer back to
the area.
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of different recreation types evaluated for northern Finland (B).
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Some wildlife species can benefit from human impact in tourist
resorts, and high numbers of these ‘urban species,’ i.e. human
associated species, may increase the species richness above the
level observed in surrounding natural habitats (Kaisanlahti-
Jokimaki et al., 2012; Huhta and Sulkava, 2014). Urban species
benefit, for example, from increased numbers of nesting sites and
new food resources through human waste and winter feeding.
Common urban birds such as the blue tit (Parus caeruleus), house
sparrow (Passer domesticus) and corvids (Corvidae) were observed
to increase in tourist resorts in Finnish Lapland (Jokimaki et al.,
2007). The increase of corvid species near human resorts can in-
crease nest predation, as was found with an artificial ground nest
predation experiment in Finland (Kaisanlahti-Jokimaki et al., 2012)
as well as in Norway (Stgen et al., 2010). Densities of mountain hare
(Lepus timidus) and mustelids were also found to increase near
tourist resorts (Ukkola et al., 2007).

4. Implications of findings

4.1. Levels, intensity and magnitude of tourism and recreation
impacts

The reviewed studies show negative environmental and biodi-
versity impacts of tourism and recreation and generally support
earlier findings from many other regions (Liddle, 1997; Buckley,
2004; Monz et al., 2013). At the lowest ecological level, i.e. the in-
dividual level, the impacts concern changes in physical reactions
and/or animal behavioral responses (Fig. 1a). These changes are
reflected at the population level in changed reproduction success
and population densities, which are thereafter seen as changes in
community assemblages due to the increase of tolerant species and
decrease of sensitive species. Ecosystem-level impacts are seen as
changes in the physical and chemical characteristics of the soil, the
transformation of habitat types and the invasion of alien species.
Hiking, camping and tourist resorts were observed to cause
changes at all ecological levels, whereas the number of studies on
the impacts of cross country skiing, horse riding and snowmobiling
were apparently too few to show impacts at all levels.

The impacts of skiing were regarded as less intensive than those
of hiking due to the low direct impact on the vegetation and soils
(Fig. 1a). Hiking causes trail erosion and may have a long-term
impact on the vegetation, but the changes are restricted to a nar-
row area. Horse riding was regarded to have a greater impact on the
vegetation and soils than hiking due to the greater trail erosion
effect and the increased risk of the introduction of alien species.
There are no studies on the impact on snowmobiles on the vege-
tation in northern Fennoscandia. Studies from northern America
show that snowmobiles appear to have similar but considerably
stronger impacts as skiing through the compaction of snow and
delayed snow melt, and at least locally a stronger damage to plants
and soils than hiking, since snowmobiling may be carried out under
conditions with little snow (e.g. Greller et al., 1974). Snowmobiling
was therefore regarded as equally intensive as horse riding, but this
was a rough estimate. Camping was regarded to have greater im-
pacts than horse riding and snowmobiling due to the large-scale
vegetation change, erosion and increased amounts of alien spe-
cies around campsites. Tourist resorts were regarded to have the
most pronounced impacts on the environment, vegetation and
wildlife, and they changed wilderness environments to urban-like
resorts and promoted the spread of invasive alien species.

The evaluation of the magnitude of impacts requires the esti-
mation of both the intensity and the impact area (Cole, 2004).
Concerning the example in northern Finland (11 450 km? total
area), where the relative magnitudes could be calculated, the total
area of snowmobile tracks is 56 km?2, tourist resorts 25 km?, skiing

tracks 9 km?, hiking trails 1 km? and campsites 0.01 km?. This in-
dicates that the area under tourism and recreational use is mar-
ginal, and hence the direct impacts on the vegetation and
environment are still quite minor. Nevertheless, the impact area
may be multiplied for the wildlife, since the most sensitive species
avoid tourist resorts for up to a 10 km distance (Table 1, Kaisanlahti-
Jokimaki et al., 2008; Nellemann et al., 2007). Fig. 1b shows that the
relative magnitude of tourist resorts overrules all other forms of
recreation. A rough estimate concerning the most sensitive species
with 10 km avoidance indicates that the total impact area of tourist
resorts would increase from 25 km? to above 4000 km?. Since other
recreation forms such as skiing, hiking and snowmobiling often
concentrate around tourist resorts, this further emphasizes their
impact on the environment. Snowmobiling had a surprisingly high
magnitude of impact, which was due to the extensive snowmobile
track network throughout northern Finland. The impact area of
snow mobiles is difficult to estimate for the wildlife, however, since
the disturbance caused by snowmobiles is not continuous.

4.2. Climate change

The integrated impacts of tourism and climate change on the
vegetation and/or wildlife were not addressed directly in any of the
reviewed studies, although potential impacts were discussed in
three studies on the spread of alien plant seeds. In general, climate
change has triggered a remarkable number of tourism studies,
which have mostly discussed the ability of the tourism industry and
human societies to adapt to risks caused by climate change (see e.g.
Weaver, 2011; Scott and Becken, 2014 and the references therein).
In northern Fennoscandia, these studies are related to threats to
winter tourism (Moen and Fredman, 2007; Kietavdainen and
Tuulentie, 2013), but not to potential environmental and ecolog-
ical impacts. The increasing tourism pressure together with climate
warming may enhance the ecological changes through, for
example, the increase of alien species under warmer conditions,
changed species interactions and enhanced plant regeneration
rates through the increase of tolerant species.

Fennoscandia may not appear to be among the most suitable
environments for alien species due to its harsh temperature con-
ditions that limit the germination and seedling growth. The total
number of alien plants is still low, and they are confined to, for
example, settlements and their close surroundings, mining areas
and roads and railways (e.g. Liska and Solddn, 2004; Elven, 2015).
The two studies from northern Fennoscandia (Torn et al., 2010;
Ware et al, 2012) show that the cold environment does not,
however, protect the area from species invasions, if, for example,
germinable plant seed are imported by people or animals. Members
of the Poaceae family (grasses), being among the most invasive
worldwide, have been commonly observed among the imported
seeds in arctic (Ware et al., 2012) and antarctic (Chown et al., 2012)
regions. Being disturbance tolerant species with a rapid regenera-
tion capacity, there is a risk that these species could continue to
spread in tourist resorts and along trail networks, if disturbance
continues and intensifies along with increasing tourist numbers. In
the third Fennoscandian study there was no indication that the
alien species sown during the revegetation of tourist resort had
established in the native vegetation (Kangas et al., 2009). The lag-
phase between the introduction and the successful spread and
impact of alien species can take decades, however. For example,
invasive species originating from the revegetation practices of
tourist resorts were observed to establish in native vegetation in
the Australian Alps (McDougall et al., 2005; Pickering et al., 2007).

There were no studies on the combined impacts of tourism and
climate change on species interactions and regeneration rates.
Long-term studies from subarctic and arctic environments, as well
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as from northern Fennoscandia, indicate that warming increases
the amount of deciduous shrubs (Walker et al., 2006; Elmendorf
et al., 2012a, b) and results in greater rates of gross ecosystem
production (Ylanne et al., 2015). Since deciduous dwarf shrubs are
moderately tolerant to disturbances and the ecosystem production
is expected to increase, this indicates that the tolerance of vege-
tation to disturbance caused by tourism may increase.

4.3. Research gaps

Many research gaps were identified based on the reviewed
studies. Vegetation and soil impact studies have been principally
short-term trampling studies, which does not give information on
the impacts of prolonged disturbances or on long-term recovery
processes. Long-term monitoring is also needed to give information
on the impacts of tourism on wildlife populations, which occur, for
example, through their movement to suboptimal habitats,
increased energy consumption and decreased time for feeding, and
increased nest predation. Vegetation recovery studies concentrate
on community-level changes, whereas the impact of tourism and
tourist behavior on threatened plants has not been studied. Tram-
pling, collecting of conspicuous plants and clearing of vegetation
for construction are potential risks posed by tourism toward
threatened species (Kelly et al., 2003). For example in Finnish na-
tional parks, hiking trails are located in the same areas as threat-
ened species (Siikamaki et al., 2015), which exposes the species to
recreation impacts. The research on mammals concentrates on a
few large charismatic wildlife species such as the brown bear, polar
bear and reindeer, whereas little is known about the responses of
smaller mammals and threatened species such as the wolf and
wolverine. Apart from the two studies on snowmobiles (Tyler,
1991; Andersen and Aars, 2008), the impacts of motorized vehi-
cles have received surprisingly little attention in northern Fenno-
scandia in relation to their increasing popularity and rapidly
developing track network. More information is also needed on the
combined ecological impacts of tourism and climate change,
especially on the spread of alien species, changes in species
composition and animal behavior, and changes in the regeneration
rate, to evaluate the potential of northern Fennoscandian ecosys-
tems to withstand tourism under a warming climate. Apart from
one study considering the restoration of the access to historic
reindeer habitats (Nellemann et al., 2010), ecological restoration
research has not been combined with tourism studies, although
active ecological restoration is an important means of enhancing
the biodiversity in habitats degraded by human activities (Rey
Benayas et al., 2009).

4.4. Management implications in protected areas and tourist
resorts

The increase in tourist numbers in northern Fennoscandia is
related to the development of both protected areas and large tourist
resorts. For example in Finnish national parks, visitor numbers
increased on average 6.5-fold between 1990 and 2008 (Kangas,
2009). At the same time, visitor numbers doubled in terms of
overnight stays between 1996 and 2006 in Finnish Lapland
(Tyrvainen and Jarviluoma, 2009), and the present aim is to further
double the annual visitor rates by 2020 (Tyrvainen et al.,, 2014). In
Swedish Lapland and protected areas in Norway, tourism devel-
opment has not involved mass tourism to the same extent,
although the need to boost the economy through international
tourism has been recently acknowledged (Haukeland, 2011a;
Hallbar destinationsutveckling ... 2014).

The scientific data provide information that can be used to
prevent, minimize or restore the most negative ecological impacts

of tourism. For example, information on the degradation and re-
covery rates of the vegetation and soils can be used for planning
trails and campsites, and for planning restoration and revegetation
measures. Studies provide information on sensitive species, habi-
tats and seasons, considering, for example, the nesting period of
birds. The information can be used to minimize recreational use of
sensitive habitats and during critical seasons (Zoning, e.g. Eagles
et al, 2002). The information on visually observable variables
such as trail physical characteristics and key plant and animal
species can be integrated into existing planning and management
frameworks as ecological indicators which show the short-term
and long-term development of the environment and biodiversity
under tourist pressure. Several management frameworks have
been applied to promote sustainable tourism in northern Fenno-
scandia, for example the Limits of Acceptable Change (Stankey
et al,, 1985) in Finland (Heinonen, 2007; Siikamaki and Kangas,
2009), the Recreation Opportunity Spectrum (Clark and Stankey,
1979; Brown et al., 1978) in Sweden and an adaptation of both of
these in Norway (Haukeland, 2011b). Many indicator systems
suitable for these frameworks have already been developed
(Jokimaki and Kaisanlahti-Jokimaki, 2007; Huhta and Sulkava,
2014; Uusitalo and Sarala 2015), but there are only a few exam-
ples (e.g. Siikamaki and Kangas, 2009) where they have been used
in practice.

The focus of the present paper was on observed negative
ecological impacts. It must be noted that tourism may also have
indirect positive impacts. For example, biodiversity values are
important tourist attractions in Finland (Puustinen et al., 2009,
Lyon et al., 2012, Siikamaki et al., 2015), and protection status has
been observed to act as a marker to tourists in Sweden (Wall
Reinius and Fredman, 2007). Since there is a positive feedback
from pleasant nature experiences on people's opinions about the
environment (e.g. Ojala, 2009), tourism can also be expected in-
crease the support and resource allocation for nature protection in
the future.

5. Conclusions

Northern Fennoscandian studies show negative environmental
and biodiversity impacts of tourism, which are seen as changes on a
range from the individual to the ecosystem level. Based on the
rough estimation made for northern Finland, a marginal area is
under tourism and recreational use, which indicates relatively
minor changes to the vegetation. Nevertheless, for sensitive wildlife
species the impact area may be multiplied, especially around large
tourist resorts. Tourist numbers are predicted to increase, which
may enforce the direct negative impacts as well as the indirect
impacts, e.g. through interactions with climate change. The scien-
tific data on the species, communities and habitats provide infor-
mation that can be used to prevent, minimize or restore the most
negative ecological impacts of tourism.
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